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Introduction
Didymosphaeriaceae was introduced by Munk (1953) , which is typified by Didymosphaeria Fuckel with D. epidermidis as the type species. This family is characterized by brown, thickwalled, 1-septate ascospores and trabeculate pseudoparaphyses, which anastomose above the asci in a gelatinous matrix and includes 25 accepted genera (Aptroot 1995 , Hyde et al. 2013 , Ariyawansa et al. 2014a , b, Wijayawardene et al. 2017 . However, very few genera were reported in this family from marine based habitats (Jones et al. 2015) .
The monotypic genus Deniquelata Ariyawansa & K.D. Hyde was established by Ariyawansa et al. (2013) to accommodate Deniquelata barringtoniae Ariyawansa & K.D. Hyde, found as a pathogen on living leaves of Barringtonia asiatica (Lecythidaceae). Both morphology and phylogenetic analyses of a concatenated dataset of the SSU and LSU rDNA supported Deniquelata 567 gene (TEF-1α) was amplified using primers EF1-983F and EF1-2218R (Rehner & Buckley 2005) . The RNA polymerase II second largest subunit (RPB2) gene was amplified using the fRPB2-5F and fRPB2-7cR primer (Liu et al. 1999) .
The amplifications were performed employing 50µL of Polymerase chain reaction (PCR) mixtures containing 5 µL of 10X Ex Taq buffer, 4 µL of deoxy nucleotide triphosphate mixture (2.5 mM of each dNTP), 1 µL of each primer (10 µM), 2µL of DNA template, 0.25 µL of Takara EX Taq polymerase and 36.75 µL of Nuclease free water. The PCR amplification conditions and amplified PCR amplicons were purified as reported in Devadatha et al. (2018) . The purified PCR products were sequenced at Macrogen Inc. (Seoul, Korea) .
Phylogenetic analyses
Taxa used in the phylogenetic analyses were obtained based on the BLAST search similarity resulted from LSU and ITS regions and through published literature (Ariyawansa et al. 2013 (Ariyawansa et al. , 2014a for the taxonomic placement of Deniquelata vittalii. Multi-gene phylogenetic analyses of combined LSU, SSU, ITS, TEF-1α, RPB2 sequence data were performed for Farasanispora avicenniae (Li et al. 2016) and Hysterium rhizophorae (Hyde et al. 2017) , based on the published data. Multiple sequence alignments for individual regions were generated online at MAFFT server (http://mafft.cbrc.jp/alignment/server/) (Katoh & Standley 2013) and alignments were improved manually using BioEdit, where necessary. The individual sequence datasets (LSU, SSU, ITS, TEF-1α, RPB2) were combined using BioEdit v.7.0.5.2 (Hall 1999) . Three different datasets were prepared for the multigene phylogenetic analyses.
Maximum-parsimony analysis was performed by using PAUP v.4.0b10 (Swofford 2002 ) software to generate the most parsimonious trees. Trees were inferred using the heuristic search option with 1000 random sequence additions, with maxtrees set at 1000. Descriptive tree statistics for parsimony; Tree Length (TL), Consistency Index (CI), Retention Index (RI), Relative Consistency Index (RC) and Homoplasy Index (HI) were calculated for trees generated under different optimality criteria. The Kishino-Hasegawa tests (Kishino & Hasegawa 1989) were performed in order to determine whether trees were significantly different. Maximum parsimony bootstrap values (MP) equal or greater than 70 % are given above each node for Figure 1 and equal or greater than 75 % for Figs 2, 3.
The evolutionary models for phylogenetic analyses were selected for each gene using MrModeltest v. 2.3 (Nylander 2004 ) under the Akaike Information Criterion (AIC) as implemented in both PAUP v. 4.0b10 and Mr. Bayes v.3.1.2. GTR+I+G model was selected as the most appropriate in each locus for Bayesian analysis and maximum-likelihood by AIC in MrModeltest as the best-fit model.
Bayesian analysis was performed with MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001) to evaluate Bayesian posterior probabilities (BYPP) (Rannala &Yang 1996 , Zhaxybayeva & Gogarten 2002 by Markov Chain Monte Carlo sampling (BMCMC). GTR+I+G was used in the command. Six simultaneous Markov chains were run for 1,000,000 generations and trees were sampled every 100th generation (resulting in 10001trees). The distribution of log-likelihood scores was examined to determine stationary phase for each search and to decide if extra runs were required to achieve convergence, using the program Tracer 1.4 (Rambaut & Drummond 2007) . First 20% of generated trees were discarded and remaining 80% trees were used to calculate posterior probabilities in the majority rule consensus tree. BYPP greater than 0.95 are given above each node (Figs. 1, 2, 3) .
RAxML-HPC2 on XSEDE (8.2.8) (Stamatakis et al. 2008 , Stamatakis 2014 in the CIPRES Science Gateway platform (Miller et al. 2010 ) was used to construct a maximum likelihood (ML) tree. Maximum Likelihood bootstrap values greater than 70% were given above each node for ( Fig.  1) and equal or greater than 75 % for (Figs. 2, 3) .
The Phylogenetic trees were viewed in FigTree v1.4.0 program (Rambaut 2012) and reorganized in Microsoft power point (2016) and Adobe Illustrator® CS5 (Version 15.0.0, Adobe®, San Jose, CA). Novel sequences generated in the current study were deposited in GenBank (Tables   568   1, 2, 3 ) and the finalized alignment and tree of Deniquelata vittalii were deposited in TreeBASE, submission ID: 22390 (http://www.treebase.org/).
Results

Phylogenetic analyses
The first phylogenetic analyses were carried out with 24 sequences with our new taxon and strains from Didymosphaeriaceae, with Stemphylium vesicarium and Stemphylium botryosum as the outgroup taxa using combined LSU, SSU and ITS gene datasets (Table 1) . Three different alignments corresponding to each individual gene and a combined alignment of the three genes were analyzed. The maximum parsimony dataset consists of 2332 characters with 1848 characters as constant, 311 characters were counted as parsimony-informative and 173 characters as parsimony-uninformative. The parsimony analyses resulted in two equal parsimonious trees with a tree length of 974 steps, CI = 0.633, RI = 0.661, RC = 0.419, HI = 0.367 values. RAxML analysis yielded a best scoring tree ( Fig. 1) with a final ML optimization likelihood value of -8221.245191. The matrix had 586 distinct alignment patterns, with 16.69% of undetermined characters or gaps. Estimated base frequencies were as follows; A = 0.247437, C = 0.227513, G = 0.277892, T = 0.247158; substitution rates AC =1.689545, AG = 2.522196, AT = 1.252478, CG = 0.689774, CT = 6.758270, GT = 1.000; proportion of invariable sites I = 0.576761; gamma distribution shape parameter α = 0.582903. The Bayesian analyses resulted in 10001 trees after 1,000,000 generations. The first 2000 trees, representing the burn-in phase of the analyses, were discarded, while the remaining 8001 trees were used for calculating posterior probabilities in the majority consensus tree for all the phylogenetic analyses (Figs 1, 2, 3 ). Phylogenetic trees obtained from ML, MP and Bayesian analyses yielded trees with similar topology and congruent with previous work-based on MP, ML and Bayesian analyses (Ariyawansa et al. 2013 (Ariyawansa et al. , 2014b . MP tree is shown with the bootstrap support (BS) values of MP and ML (≥70 %) and Bayesian posterior probabilities (BYPP) greater than 0.95 are shown above the internal branches respectively (Fig. 1) . Table 2 GenBank and culture collection accession numbers of species included in the phylogenetic study of Farasanispora avicenniae. Sequences generated in this study are in blue. Table 3 GenBank and culture collection accession numbers of species included in the phylogenetic study of Hysterium rhizophorae. Sequences generated in this study are in blue. The phylogenetic analyses show that our new taxon Deniquelata vittalii clustered together with the strains of D. barringtoniae with a strong statistical support in a monophyletic clade (100% 570 ML, 100%MP, 1.00 BYPP) in the family Didymosphaeriaceae. Deniquelata vittalii shares a sister relationship with D. barringtoniae with significant statistical support (88% ML, 89% MP, 1.00 BYPP, Fig. 1 ).
The second multigene phylogenetic analyses include 27 in-group taxa from different genera from Pleosporales, including our taxon, while Verruculina enalia served as the outgroup taxon (based on LSU, SSU, TEF-1α, ITS and RPB2 sequence data, Table 2 ). RAxML analysis yielded a best scoring tree ( Fig. 2) with a final ML optimization likelihood value of -22392.941365. The matrix had 1629 distinct alignment patterns, with 42.78% of undetermined characters or gaps. Estimated base frequencies were as follows; A =0.249321, C = 0.235804, G = 0.273367, T = 0.241508; substitution rates AC = 1.425242, AG =3.166282, AT = 1.605461, CG = 1.085865, CT = 7.895025, GT = 1.000000; proportion of invariable sites I = 0.436939; gamma distribution shape parameter α =0. 442521. The maximum parsimony dataset consisted of 4613 characters with 3128 characters as constant, 1009 characters were counted as parsimony-informative and 476 characters as parsimony-uninformative. The parsimony analyses resulted in one equal parsimonious tree with a tree length of 3657 steps, CI = 0.596, RI = 0.484, RC = 0.288, HI = 0.404 values. Phylogenetic analyses indicate that both strains of Farasanispora avicenniae cluster together with high bootstrap support (100% ML, 100% MP, 1.00 BYPP, Fig. 2 ). Our phylogenies generated herein, under different criteria, yielded similar results as previously reported in connection to the uncertain familial placement of Farasanispora avicenniae (Li et al. 2016) .
The phylogenetic analyses inferred from the third dataset include 19 taxa from Hysterium including our strain, while two strains of Psiloglonium clavisporum served as outgroup taxa (Table  3) . RAxML analysis yielded a best scoring tree ( (Fig. 3) . Phylogenetic trees resulted from ML, MP, BYPP analyses were in congruent to the earlier study (Hyde et al. 2017) .
Taxonomy
Deniquelata vittalii Devadatha, V.V Sarma, E.B.G Jones, sp. nov. Ascomata 95-360 μm high, 75-350 μm in diameter ( x = 225 × 212 µm, n = 10), immersed to semiimmersed, erumpent, globose to sub-globose, dark brown to black, aggregated to solitary, obpyriform, coriaceous, fused with the host tissues, with a papillate to depressed ostiole. Peridium 10-40 μm ( x = 23 μm, n = 10) wide at the base, 10-55 μm ( x = 30 μm, n = 10) at the sides, comprising 3-5 layers of thin-walled hyaline to pale brown cells inwardly and thick-walled pale brown to dark brown cells of textura angularis outwardly fused with the host tissue. Hamathecium composed of 1.5-3 μm wide ( x = 2 μm, n = 10), cellular, profusely branched, hyaline, septate pseudoparaphyses, anastomosing above the asci, enclosed in a gelatinous matrix. Asci 75-135 × 10-19 μm ( x = 98 × 15 μm, n = 30), 8-spored, bitunicate, fissitunicate, cylindric-clavate to clavate, apically rounded with an ocular chamber, with a 7-15 μm long and broad furcate pedicel. Ascospores 18-26 × 7.5-13.5 μm ( x = 22.5 × 10.7 μm, n = 50), 1-2 seriate, muriform, hyaline when young, developing into golden yellow to dark brown at maturity, rarely guttulate, ellipsoidal to broadly oblong, planate, flat, verrucose, deeply constricted in the middle, slightly curved to straight, apically conical to elliptical, with 1-2 longitudinal septa in each cell, 3-6 transverse septate, lacking mucilaginous sheath. Asexual morph: Undetermined.
Culture characteristics -Ascospores germinating on 50% sea water agar producing germ tubes at both ends of the ascospores within 24 hours. Colonies on MEA showed moderate growth attaining 20-24 mm in diameter within a week and reached 35-50 mm after 20 days of incubation at 25°C, front pale ochraceous salmon, reverse capucine buff, with pale yellow diffusible pigments, margin filamentous, pulvinate, circular, cottony and fluffy.
Material examined -INDIA, Tamil Nadu, Tiruvarur, Muthupet mangroves (10.4°N 79.5°E), on decaying woody stem of the halophyte Suaeda monoica (Amaranthaceae) 15 August 2015, B. Devadatha (AMH-9888, holotype), ex-type living culture NFCCI-4249.
Notes -Multigene analyses of LSU, SSU and ITS sequence data show that our new taxon belongs to the family Didymosphaeriaceae and is closely related to Deniquelata barringtoniae with a strongly-supported monophyletic clade (Fig. 1) . Morphologically Deniquelata vittalii resembles the generic type Deniquelata barringtoniae in having sub-globose to globose ascomata, shorter 574 papilla with a depressed ostiole; asci with short furcate pedicel and ascospores that are oblong, straight or slightly curved, muriform with 1-2 vertical septa, verruculose (Ariyawansa et al. 2013 (Ariyawansa et al. , 2014b . However, Deniquelata vittalii can be easily distinguished from D. barringtoniae in having larger ascomata, asci and ascospore dimensions (Fig. 4, Table 4 ). Deniquelata barringtoniae is distinct in having smaller, reddish-brown ascospores (13-16 × 5-7), with 3-transverse septa whereas D. vittalii has larger, brown ascospores (17.5-25 × 7.5-13.5) with 3-6 transverse septa (Fig. 4, o-s) . Further, D. barringtoniae is pathogenic on living leaves of Barringtonia asiatica from terrestrial environments (Ariyawansa et al. 2013 Hamathecium composed of 1.5-2.5 µm ( x = 2.1 µm, n= 20) wide, numerous, septate, branched, filamentous pseudoparaphyses resembling hyphae embedded in a gelatinous matrix, anastomosing above the asci. Asci 70-135 × 20-32 µm ( x = 105 × 26 µm, n = 40), 8-spored, bitunicate, fissitunicate, cylindrical to clavate, short pedicellate, apically rounded and thickened with an ocular chamber. Ascospores 30-37 × 7-15 µm ( x = 34 × 11 µm, n = 50), biseriately arranged, constricted at the septa, rugose, hyaline, fusiform,1-3 septate, the septum is sub-median, upper cell longer and wider, slightly curved, guttulate, lacking a mucilaginous sheath. Senescent ascospores are larger 35-42 × 10-15 µm ( x = 37 × 12 µm, n = 10), light brown, flattened, distinctly constricted at the middle septum, striate, verruculose, 2-3 septate.
Asexual morph: After 25 days of fermentation in Czapek-Dox broth, oval to ellipsoidal chlamydospores were found, 8-25 × 10-20 µm ( x = 15 × 12.5 µm, n = 10), hyaline to purple colour filamentous hyphae, pinkish diffusible pigments produced as extracellular metabolites (Fig.  6) .
Culture characteristics -Ascospores germinating on seawater agar within 24 hours, germ tubes arising from terminal ends of the ascospores. Colonies on malt extract agar moderately growing, reaching 45-60 mm diameter after 25 days of incubation at room temperature, initially white to grey becoming dark grey to brown in older cultures, flexuous on surface, zonate, undulate, effuse, flattened, medium dense, reverse pink, producing diffusible pigments into media.
Material examined -INDIA, Tamil Nadu, Tiruvarur, Muthupet mangroves, decaying woody stem of the halophyte Suaeda monoica Lam. (Amaranthaceae), (10.4°N 79.5°E), 29 October 2016, B. Devadatha, (AMH-9911) living culture (NFCCI-4220).
Notes -Multigene phylogenetic analyses show that Farasanispora avicenniae (NFCCI-4220) belongs to the order Pleosporales sharing sister relation to Trematosphaeriaceae and Morosphaeriaceae and distantly related to Massarinaceae (Fig. 2) . However, it did not group with any known family and formed a distinct monophyletic clade with the existing Farasanispora avicenniae (MF1207) with a high bootstrap support from (100% ML, 100%MP, 1.00 BYPP, Fig. 2 ) and shares a sister group relation to Aegeanispora elanii with a lower bootstrap support. 
Ascospores (μm)
13-16 × 5-7, oblong, reddish brown to dark yellowish brown, 3-transverse septa and 1-2 longitudinal septa 17.5-25 × 7.5-13.5, golden yellow to dark brown, deeply constricted in the middle, 3-5 transverse septate, 1-2 longitudinal septa in each cell References Ariyawansa et al. (2013) This study of halophyte Suaeda monoica, reported in the present study, are similar to Farasanispora avicenniae reported from Avicennia marina (Li et al. 2016) . However, its occurrence on Suaeda monoica, in India, constitute new host and geographic records. Farasanispora avicenniae shares similar morphological characters with Halomassarina thalassiae (Kolhm. & Volkm -Kohlm.) Suetrong et al. (Suetrong et al. 2009 ). However, it differs from Halomassarina thalassiae (Suetrong et al. 2009 , Li et al. 2016 in having smaller ascomata, without a clypeus or papillae and in the absence of periphyses in the ostiolar canal, lacking senescent ascospores and a prominent gelatinous sheath (Fig. 5 ) (Kohlmeyer & Kohlmeyer 1987) . Prior to the present study, only LSU and SSU gene sequence data of F. avicenniae were available (Li et al. 2016 ). This study provided ITS, TEF-1α and RPB2 in addition to LSU and SSU (Table 2) . Notes -Combined phylogenetic analyses of LSU, SSU, ITS and RPB2 sequence data placed our taxon (Hysterium rhizophorae NFCCI4250) in the family Hysteriaceae and clustered together with Hysterium rhizophorae (MFLUCC161179) in a monophyletic clade with a significant bootstrap support from MP 77%, BYPP 0.96% and moderate support in ML 64% (Fig. 3) . This Hysterium species was found on the decaying wood of Aegiceras corniculatum having overlapping morphological characters with Hysterium rhizophorae reported from Rhizophora apiculata (Hyde et al. 2017) . The occurrence of H. rhizophorae on a new host i.e. A. corniculatum increases its host range and also this is the first report of this fungus from India thus expanding its geographical range. ITS pairwise alignment resulted in a very low (3) base pair difference with ITS sequence data of the two strains of H. rhizophorae (Jeewon & Hyde 2016) . Previously only ITS, LSU, SSU and TEF-1α gene sequences were carried out (Hyde et al. 2017 ). The present study provides additional information on RPB2 sequence in the GenBank (RPB2: MG968956) in addition to the ITS, LSU and SSU gene sequence data for the new record.
Hysterium rhizophorae
Discussion
The monotypic genus Deniquelata typified by D. barringtoniae was established by Ariyawansa et al. (2013) who reported this fungus as a pathogen on living leaves of Barringtonia asiatica with brown spots and fruiting bodies scattered in the necrotic tissues (Ariyawansa et al. 2013 (Ariyawansa et al. , 2014b . The pathogenic nature of Deniquelata barringtoniae was proved by in vitro pathogenicity testing of healthy leaves of Barringtonia asiatica (Ariyawansa et al. 2013) .
Multi-gene analyses showed that Deniquelata vittalii nested together with D. barringtoniae with significant bootstrap support (88% ML, 89% MP, 1.00 BYPP, Fig. 1 ) and separated from Bimuria novae-zelandiae and Tremateia arundicola sister groups. Deniquelata and Bimuria share similarities in having scattered, semi-immersed, sub-globose ascomata with muriform ascospores and are saprobic (D. vittalii and B. novae-zelandiae) . Deniquelata species distinct from Bimuria typified by B. novae-zelandiae, in having shorter papilla with a depressed ostiole; 8-spored asci with short furcate pedicel and ascospores that are oblong, straight or slightly curved, muriform with 3-6 transverse septa, 1-2 vertical septa, verruculose. Bimuria novae-zelandiae has 2-3-spored asci with short and small knob-like pedicel and comparatively larger ascospores with 5-7 transverse septa, without vertical septa, verrucose and by occurring in terrestrial habitat (Hawksworth 1979 , Ariyawansa et al. 2013 . The species in Tremateia can be clearly distinguished from Deniquelata species in having clavate to broadly clavate, short pedicellate, long asci and ellipsoid ascospores with 3-6 transverse septa and 1 vertical septum in each row (Kohlmeyer et al 1995 , Hyde et al 2016 .
This study provides sequence data of protein coding genes RPB2 and TEF1α (MF168942, MF182398) in GenBank for Deniquelata vittalii whereas we lack these sequences data of D. barringtoniae for a comparison. This is the first report of a Deniquelata species from marine habitats (Jones et al. 2015) . Recently (Devadatha & Sarma 2018 ) reported a new species, Pontoporeia mangrovei from decaying woody stem of the halophyte Suaeda monoica. By adding the present new taxon, Suaeda monoica could be considered as a host that supports several novel marine fungi.
Farasanispora avicenniae and Hysterium rhizophorae were recorded for the first time from India and hence constitute new geographic records. Also, their occurrence on new hosts extend their host range. The present study provides new sequences data for these two-known species.
